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(54) Opto-electrical hybrid connector and process for assembling the same 



(57) A hybrid connector and a process for assem- 
bling the hybrid connector are provided, by which the 
assmbling operation can be simplified and optical ele- 
ment modules can be stably positioned so that the work- 
ability of the assembling operation is improved and the 
optical loss is reduced. The hybrid connector 1 is as- 
sembled by a process including first to third assembly 
steps. In the first assembly step, each sleeve 7 is pro- 
visionally inserted halfway through a receiving cylinder 



19 of a housing 2. In the second assembly step, optical 
element modules 8 and 9 are pressed so that the sleeve 
7 is further inserted into the receiving cylinder 19 to 
reach the completely inserted state. Each projection 35 
of the optical element modules 8 and 9 engages with a 
hollow portion 23 of the receiving cylinder 1 9. In the third 
assembly step, a shielding case 10 holds the optical el- 
ement modules 8 and 9 and engages with the receiving 
cylinder 19 so as to fix a position of the optical element 
modules 8 and 9. 
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(57) A hybrid connector and a process for assem- 
bling the hybrid connector are provided, by which the 
assmbling operation can be simplified and optical ele- 
ment modules can be stably positioned so that the work- 
ability of the assembling operation is improved and the 
optical loss is reduced. The hybrid connector 1 is as- 
sembled by a process including first to third assembly 
steps. In the first assembly step, each sleeve 7 is pro- 
visionally inserted halfway through a receiving cylinder 



19 of a housing 2. In the second assembly step, optical 
element modules 8 and 9 are pressed so that the sleeve 
7 is further inserted into the receiving cylinder 19 to 
reach the completely inserted state. Each projection 35 
of the optical element modules 8 and 9 engages with a 
hollow portion 23 of the receiving cylinder 19. In the third 
assembly step, a shielding case 10 holds the optical el- 
ement modules 8 and 9 and engages with the receiving 
cylinder 19 so as to fix a position of the optical element 
modules 8 and 9. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to a hybrid con- 
nector, in which electric and optical connectors are in- 
tegrally formed, so that a simple connecting operation 
completes the connection between the electric and op- 
tical connectors, and to a process for assembling the 
hybrid connector. 

(2) Description of the Related Art 

[0002] With regard to various vehicles including mo- 
torcars, extremely many signals from various sensors 
and those for controlling various electronic equipments 
have to be handled. When these signals are transmitted 
by using individual signal lines, the number of the signal 
lines becomes enormous, causing a wiring harness to 
be very heavy. In addition, in recent years, informations 
transmitted from various electronic equipments have 
been enhanced and much denser, causing a wiring har- 
ness to be furthermore heavy. Therefore, recently, a part 
of a wiring harness has been replaced by an optical fiber 
cable (optical fiber cord) and for example, a system in 
which an optical fiber cable connects nodes with each 
other has been employed. 

[0003] When a part of a wiring harness is to be re- 
placed by an optical fiber cable, for example for a mo- 
torcar manufacturer, an operation for connecting the 
electric and optical connectors becomes complicated 
and troublesome. Consequently, recently, a hybrid con- 
nector, in which electric and optical connectors are in- 
tegrally formed so that a single connecting operation 
completes the connection between the electric and op- 
tical connectors, has been developed for its practical 
use. 

[0004] However, since the hybrid connector is formed 
in such a way that the electric and optical connectors 
are integrally constituted therein, the hybrid connector 
is forced to have many components. Especially, the as- 
sembly of the optical connector is troublesome because 
it requires many man-hours. Furthermore, there has 
been a problem that optical element modules constitut- 
ing the optical connector can not be stably positioned 
upon the assembly. 

[0005] If the optical element modules can not be sta- 
bly positioned upon the assembly, it affects the warka- 
bility of the assembling operation and sometimes affects 
the optical loss characteristic after the assembly. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an objective of the present inven- 
tion to solve the problem described above and to provide 
a process for assembling a hybrid connector, by which 



the assmbling operation can be simplified and the opti- 
cal element modules can be stably positioned so that 
the workability of the assembling operation is improved 
and the optical loss is reduced, as well as to provide 

5 such a hybrid connector. 

[0007] In order to attain the above objective, a first as- 
pect of the present invention is to provide a process for 
assembling a male hybrid connector having electric and 
optical connectors formed integrally with each other, the 

>0 optical connector including: at least one optical element 
module having an optical element; sleeves, each of 
which has an optical waveguide, provided in accord- 
ance with the number of the optical element modules; a 
housing shared with the electric connector, the housing 

'5 having receiving cylinders for holding the sleeves there- 
in; and a case for holding the optical element modules, 
the process comprising the steps of: 



20 



25 



30 



35 



a first assembly step of reaching a provisionally in- 
serted state, in which each sleeve is halfway insert- 
ed into the corresponding receiving cylinder; 
a second assembly step of reaching a completely 
inserted state, in which each optical element mod- 
ule is pressed against an end face of the corre- 
sponding sleeve exposed from the receiving cylin- 
der so as to further insert the sleeve into the corre- 
sponding receiving cylinder, and then engaging 
each second projection formed on the optical ele- 
ment module with a corresponding hollow portion 
formed in the receiving cylinder so as to align a po- 
sition of the optical element with an axis of the cor- 
responding receiving cylinder; and 
a third assembly step of engaging the case with the 
receiving cylinder, while the case holding the optical 
element modules, so as to fix a position of the op- 
tical element module. 



[0008] According to the constitution described above, 
the hybrid connector is assembled through a process 
<to including the first to third assembly steps. That is, the 
optical connector portion of the hybrid connector is as- 
sembled in the first to third assembly steps. 
[0009] In the first assembly step, the sleeve is provi- 
sionally halfway inserted into the receiving cylinder of 
4 $ the housing. In the second assembly step, the optical 
element module is pressed so as to insert the sleeve 
further into the receiving cylinder, thereby the sleeve is 
completely (fully) inserted into the receiving cylinder. At 
this time, the projection of the optical element module 
50 engages with the hollow portion of the housing side, 
thereby the position of the optical element is aligned with 
the axis of the receiving cylinder. 
[0010] In the second assembly step, the assembly of 
the sleeve and that of the optical element modules are 
55 carried out simultaneously, thereby the assembly oper- 
ation is simplified. 

[001 1] In the second assembly step, each projection 
of the optical element modules engages with the hollow 
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portion of the receiving cylinder, thereby no clearance 
arises and each position of the optical element modules 
is stable thereafter. Therefore, the workability improves 
and the optical loss is reduced. 
[0012] In the second assembly step, the optical ele- 
ment module is pressed against the sleeve so that the 
sleeve is inserted into the receiving cylinder, thereby the 
optical loss due to the clearance between the sleeve and 
the optical element module is minimized. 
[0013] In the third assembly step, the case holds the 
optical element modules. The case engages with the re- 
ceiving cylinders, then each position of the optical ele- 
ment modules is fixed. Since these assemblies are car- 
ried out simultaneously, the assembly operation is sim- 
plified. Since the position of the optical element module 
is stable, the workability for assembling the case is im- 
proved. 

[0014] A second aspect of the present invention is to 
provide a process for assembling a male hybrid connec- 
tor having electric and optical connectors formed inte- 
grally with each other, the optical connector including: 
at least one optical element module having an optical 
element; sleeves, each of which has an optical 
waveguide, provided in accordance with the number of 
the optical element modules; a housing shared with the 
electric connector, the housing having receiving cylin- 
ders for holding the sleeves therein; and a case for hold- 
ing the optical element modules, the process comprising 
the steps of: 

a first assembly step of reaching a provisionally in- 
serted state, in which each sleeve is halfway insert- 
ed into the corresponding receiving cylinder; 
a second modified assembly step of reaching a 
completely inserted state, in which each optical el- 
ement module is pressed against an end face of the 
corresponding sleeve exposed from the receiving 
cylinder so as to further insert the sleeve into the 
corresponding receiving cylinder, and then placing 
the optical element module on a first wall formed in 
the housing or holding the optical element module 
between a pair of walls formed in the housing so as 
to prevent the optical element module from rotating; 
and 

a third assembly step of engaging the case with the 
receiving cylinder, while the case holding the optical 
element modules, so as to fix a position of the op- 
tical element module. 

[001 5] According to the constitution described above, 
the hybrid connector is simply assembled. The position 
of the optical element module is stabilized so as to im- 
prove the workability and to reduce the optical loss. 
[001 6] A third aspect of the present invention is to pro- 
vide a process for assembling a male hybrid connector 
having electric and optical connectors formed integrally 
with each other, the optical connector including: at least 
one optical element module having an optical element; 



sleeves, each of which has an optical waveguide, pro- 
vided in accordance with the number of the optical ele- 
ment modules; a housing shared with the electric con- 
nector, the housing having receiving cylinders for hold- 
5 ing the sleeves therein; and a case for holding the optical 
element modules, the process comprising the steps of: 

a first assembly step of reaching a provisionally in- 
serted state, in which each sleeve is halfway insert- 
10 ed into the corresponding receiving cylinder; 

a second further modified assembly step of reach- 
ing a completely inserted state, in which each opti- 
cal element module is pressed against an end face 
of the corresponding sleeve exposed from the re- 
15 ceiving cylinder so as to further insert the sleeve into 
the corresponding receiving cylinder, then engag- 
ing each second projection formed on the optical 
element module with a corresponding hollow por- 
tion formed in the receiving cylinder so as to align 
20 a position of the optical element with an axis of the 
corresponding receiving cylinder, and then placing 
the optical element module on a first wall formed in 
the housing or holding the optical element module 
between a pair of walls formed in the housing so as 
25 to preventthe optical element module from rotating; 
and 

a third assembly step of engaging the case with the 
receiving cylinder, while the case holding the optical 
element modules, so as to fix a position of the op- 
30 tical element module. 

[001 7] According to the constitution described above, 
the hybrid connector is simply assembled. The position 
of the optical element module is stabilized so as to im- 
35 prove the workability and to reduce the optical loss. 
[0018] Preferably, in the first assembly step, the 
sleeve is inserted into the receiving cylinder until the 
sleeve comes into contact with first projections formed 
in the receiving cylinder for press-inserting the sleeve, 
40 and in the second, second modified or second further 
modified assembly step, the sleeve is press-inserted in- 
to the receiving cylinder crushing the first projections. 
[001 9] According to the constitution described above, 
the sleeve is smoothly inserted in the first assembly 
^5 step, thereby the assembly operation can be simplified 
further. 

[0020] Preferably, a moving length of the sleeve in the 
receiving cylinder in the second, second modified or 
second further modified assembly step is shorter than 
so that in the first assembly step. 

[0021] According to the constitution described above, 
in the second (second modified or second further mod- 
ified) assembly step, the labor required for press-inser- 
tion of the sleeve is reduced, thereby the assembly op- 
55 eration can be simplified further. 

[0022] A fourth aspect of the present invention is to 
provide a process for assembling a male hybrid connec- 
tor having electric and optical connectors formed inte- 
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grally with each other, the optical connector including: 
at least one optical element module having an optical 
element; sleeves, each of which has an optical 
waveguide, provided in accordance with the number of 
the optical element modules; a housing shared with the 
electric connector, the housing having receiving cylin- 
ders for holding the sleeves therein; a sleeve holder to 
be inserted in the housing for holding the sleeves to- 
gether with the receiving cylinders; and a case for hold- 
ing the optical element modules, the process comprising 
the steps of: 

a first assembly step with a sleeve holder of setting 
the sleeves in the receiving cylinder, fitting the 
sleeve holder thereto and inserting each sleeve into 
the corresponding receiving cylinder by the sleeve 
holder so that each sleeve is provisionally inserted 
into the corresponding receiving cylinder; 
a second assembly step with a sleeve holder of 
pressing each optical element module against an 
end face of the corresponding sleeve exposed from 
the receiving cylinder and/or an end of the sleeve 
holder so that each sleeve is completely inserted 
into the corresponding receiving cylinder and then 
engaging each second projection formed on the op- 
tical element module with corresponding hollow 
portions formed in the receiving cylinder and/or on 
the sleeve holder so as to align a position of the op- 
tical element with an axis of the corresponding re- 
ceiving cylinder; and 

a third assembly step with a sleeve holder of engag- 
ing the case with the receiving cylinder, while the 
case holding the optical element modules, so as to 
fix a position of the optical element module. 

[0023] According to the constitution described above, 
the hybrid connector is simply assembled. The position 
of the optical element module is stabilized so as to im- 
prove the workability and to reduce the optical loss. 
[0024] The optical loss due to the clearance between 
the sleeve and the optical element module is minimized. 
The end face of the sleeve is free from the fat of the 
human hand, thereby the deterioration in the transmit- 
ting efficiency due to the assembly is prevented from 
occurring. 

[0025] A fifth aspect of the present invention is to pro- 
vide a process for assembling a male hybrid connector 
having electric and optical connectors formed integrally 
with each other, the optical connector including: at least 
one optical element module having an optical element; 
sleeves, each of which has an optical waveguide, pro- 
vided in accordance with the number of the optical ele- 
ment modules; a housing shared with the electric con- 
nector, the housing having receiving cylinders for hold- 
ing the sleeves therein; a sleeve holder to be inserted 
in the housing for holding the sleeves together with the 
receiving cylinders; and a case for holding the optical 
element modules, the process comprising the steps of: 



a first assembly step with a sleeve holder of setting 
the sleeves in the receiving cylinder, fitting the 
sleeve holder thereto and inserting each sleeve into 
the corresponding receiving cylinder by the sleeve 
holder so that each sleeve is provisionally inserted 
into the corresponding receiving cylinder; 
a second modified assembly step with a sleeve 
holder of pressing each optical element module 
against an end face of the corresponding sleeve ex- 
posed from the receiving cylinder and/or an end of 
the sleeve holder so that each sleeve is completely 
inserted into the corresponding receiving cylinder 
and then placing the optical element module on a 
wall formed in the housing and/or the sleeve holder 
or holding the optical element module between a 
pair of walls formed in the housing and/or the sleeve 
holder so as to prevent the optical element module 
from rotating; and 

a third assembly step with a sleeve holder of engag- 
ing the case with the receiving cylinder, while the 
case holding the optical element modules, so as to 
fix a position of the optical element module. 

[0026] A sixth aspect of the present invention is to pro- 
vide a process for assembling a male hybrid connector 
having electric and optical connectors formed integrally 
with each other, the optical connector including: at least 
one optical element module having an optical element; 
sleeves, each of which has an optical waveguide, pro- 
vided in accordance with the number of the optical ele- 
ment modules; a housing shared with the electric con- 
nector, the housing having receiving cylinders for hold- 
ing the sleeves therein; a sleeve holder to be inserted 
in the housing for holding the sleeves together with the 
receiving cylinders; and a case for holding the optical 
element modules, the process comprising the steps of: 

a first assembly step with a sleeve holder of setting 
the sleeves in the receiving cylinder, fitting the 
sleeve holder thereto and inserting each sleeve into 
the corresponding receiving cylinder by the sleeve 
holder so that each sleeve is provisionally inserted 
into the corresponding receiving cylinder; 
a second further modified assembly step with a 
sleeve holder of pressing each optical element 
module against an end face of the corresponding 
sleeve exposed from the receiving cylinder and/or 
an end of the sleeve holder so that each sleeve is 
completely inserted into the corresponding receiv- 
ing cylinder, then engaging each second projection 
formed on the optical element module with a corre- 
sponding hollow portion formed in the housing and/ 
or the sleeve holder so as to align a position of the 
optical element with an axis of the corresponding 
receiving cylinder, and then placing the optical ele- 
ment module on a wall formed in the housing and/ 
or the sleeve holder or holding the optical element 
module between a pair of walls formed in the hous- 
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ing and/or the sleeve holder so as to prevent the 
optical element module from rotating; and 
a third assembly step with a sleeve holder of engag- 
ing the case with the receiving cylinder, while the 
case holding the optical element modules, so as to 
fix a position of the optical element module. 

[0027] In order to attain the objective, a seventh as- 
pect of the present invention is to provide a male hybrid 
connector including electric and optical connectors 
formed integrally with each other, the optical connector 
comprising: 

at least one optical element module having an op- 
tical element; 

sleeves, each of which has an optical waveguide, 
provided in accordance with the number of the op- 
tical element modules; 

a housing shared with the electric connector, the 
housing having receiving cylinders for holding the 
sleeves therein; and 

a case for holding the optical element modules and 
positioning the optical element modules with re- 
spect to the housing, 

wherein a hollow portion depressed along an axis 
of the receiving cylinder is formed in the receiving 
cylinder at the side into which the sleeve is inserted 
and each optical element module is provided with a 
second projection for engaging with the hollow por- 
tion and aligning the position of the optical element 
with the axis. 

[0028] According to the constitution described above, 
the projection of the optical element module is formed 
so as to engage with the hollow portion of the housing 
side, thereby the position of the optical element can be 
aligned with the axis of the receiving cylinder. The en- 
gagement stablizes the position of the optical element 
module, thereby the workability improves and the optical 
loss is reduced. 

[0029] An eighth aspect of the present invention is to 
provide a male hybrid connector including electric and 
optical connectors formed integrally with each other, the 
optical connector comprising: 

at least one optical element module having an op- 
tical element; 

sleeves, each of which has an optical waveguide, 
provided in accordance with the number of the op- 
tical element modules; 

a housing shared with the electric connector, the 
housing having receiving cylinders for holding the 
sleeves therein; and 

a case for holding the optical element modules and 
positioning the optical element modules with re- 
spect to the housing, 

wherein a first wall is formed in the housing at the 
side into which the sleeve is inserted so that the first 



wall places the optical element modules thereon 
and prevents the optical elemnet modules from ro- 
tating before the case covers the optical elemnet 
modules. 

5 

[0030] According to the constitution described above, 
the positional shift of the optical element modules due 
to the rotation thereof is prevented from occurring and 
each position of the optical element modules is stabi- 
10 lized. Therefore, the workability improves and the opti- 
cal loss is reduced. 

[0031] A ninth aspect of the present invention is to 
provide a male hybrid connector including electric and 
optical connectors formed integrally with each other, the 
15 optical connector comprising: 

at least one optical element module having an op- 
tical element; 

sleeves, each of which has an optical waveguide, 
20 provided in accordance with the number of the op- 
tical element modules; 

a housing shared with the electric connector, the 
housing having receiving cylinders for holding the 
sleeves therein; and 
25 a case for holding the optical element modules and 
positioning the optical element modules with re- 
spect to the housing, 

wherein a first wall is formed in the housing at the 
side into which the sleeve is inserted so that the first 
30 wall places the optical element modules thereon 
and prevents the optical elemnet modules from ro- 
tating before the case covers the optical elemnet 
modules, 

a hollow portion depressed along an axis of the re- 
35 ceiving cylinder is formed in the receiving cylinder 
at the side into which the sleeve is inserted, and 
each optical element module is provided with a sec- 
ond projection for engaging with the hollow portion 
and aligning the position of the optical element with 
40 the axis. 

[0032] According to the constitution described above, 
the position of the optical element module is stabilized, 
thereby the workability improves and the optical loss is 
45 reduced. 

[0033] Preferably, a second wall, which faces the first 
wall and holds the optical element modules between the 
first and second walls, is formed on the receiving cylin- 
der. 

50 [0034] According to the constitution described above, 
the optical element module is securely prevented from 
rotating, thereby the workability further improves and 
the optical loss is further reduced. 
[0035] A tenth aspect of the present invention is to 

55 provide a male hybrid connector including electric and 
optical connectors formed integrally with each other, the 
optical connector comprising: 
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at least one optical element module having an op- 
tical element; 

sleeves, each of which has an optical waveguide, 
provided in accordance with the number of the op- 
tical element modules; 

a housing shared with the electric connector, the 
housing having receiving cylinders for holding the 
sleeves therein; 

a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving cyl- 
inders; and 

a case for holding the optical element modules and 
positioning the optical element modules with re- 
spect to the housing, 

wherein a hollow portion depressed along an axis 
of the receiving cylinder is formed in the receiving 
cylinder at the side into which the sleeve is inserted 
and/or on an end of the sleeve holder, and each op- 
tical element module is provided with a second pro- 
jection for engaging with the hollow portion and 
aligning the position of the optical element with the 
axis. 

[0036] According to the constitution described above, 
the position of the optical element module is stabilized 
so as to improve the workability and to reduce the optical 
loss. 

[0037] An eleventh aspect of the present invention is 
to provide a male hybrid connector including electric and 
optical connectors formed integrally with each other, the 
optical connector comprising: 

at least one optical element module having an op- 
tical element; 

sleeves, each of which has an optical waveguide, 
provided in accordance with the number of the op- 
tical element modules; 

a housing shared with the electric connector, the 
housing having receiving cylinders for holding the 
sleeves therein; 

a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving cyl- 
inders; and 

a case for holding the optical element modules and 
positioning the optical element modules with re- 
spect to the housing, 

wherein a first wall is formed in the housing at the 
side into which the sleeve is inserted and/or on an 
end of the sleeve holder so that the first wall places 
the optical element modules thereon and prevents 
the optical elemnet modules from rotating before 
the case covers the optical elemnet modules. 

[0038] A twelfth aspect of the present invention is to 
provide a male hybrid connector including electric and 
optical connectors formed integrally with each other, the 
optical connector comprising: 



at least one optical element module having an op- 
tical element; 

sleeves, each of which has an optical waveguide, 
provided in accordance with the number of the op- 
5 tical element modules; 

a housing shared with the electric connector, the 
housing having receiving cylinders for holding the 
sleeves therein; 

a sleeve holder to be inserted in the housing for 
10 holding the sleeves together with the receiving cyl- 
inders; and 

a case for holding the optical element modules and 
positioning the optical element modules with re- 
spect to the housing, 
*5 wherein a first wall is formed in the housing at the 
side into which the sleeve is inserted and/or on an 
end of the sleeve holder so that the first wall places 
the optical element modules thereon and prevents 
the optical elemnet modules from rotating before 
20 the case covers the optical elemnet modules, 

a hollow portion depressed along an axis of the re- 
ceiving cylinder is formed in the receiving cylinder 
at the side into which the sleeve is inserted, and 
each optical element module is provided with a sec- 
25 ond projection for engaging with the hollow portion 
and aligning the position of the optical element with 
the axis. 

[0039] Preferably, a second wall, which faces the first 
30 wall and holds the optical element modules between the 
first and second walls, is formed on the receiving cylin- 
der and/or the sleeve holder. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

Figure 1 is an exploded perspective view of a hybrid 
connector according to a preferred embodiment of 
the present invention; 

Figure 2 is a front view of the hybrid connector; 
Figure 3 is a plan view of the hybrid connector; 
Figure 4 is a left side view of the hybrid connector; 
Figure 5 is a right side view of the housing; 
Figure 6 is a sectional view illustrating a first assem- 
bly step before the insertion of the sleeve; 
Figure 7 is a sectional view illustrating a provision- 
ally inserted state in the first assembly step being 
halfway through the insertion of the sleeve; 
Figure 8 is a rear view of the state shown in Fig. 7; 
Figure 9 is a sectional view illustrating a state, in 
which the optical element module is started to be 
pressed, in a second assembly step; 
Figure 10 is a sectional view illustrating a complete- 
ly inserted state in a second assembly step after the 
optical element module is pressed; 
Figure 11 is a rear view of the state shown in Fig. 10; 
Figure 12 is a sectional view illustrating a third as- 
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sembly step before the mounting of the shielding 
case; 

Figure 13 is a sectional view illustrating a state, in 
which the assembly is completed; 
Figure 1 4 is a right side view illustrating another ex- 
ample of the housing; 

Figure 15 is a perspective view illustating the pri- 
mary part of the view shown in Fig. 14; 
Figure 16 is an exploded perspective view of a hy- 
brid connector according to another preferred em- 
bodiment of the present invention; 
Figure 17 is a sectional view (longitudinal sectional 
view taking the center of the receiving cylinder at 
the electric connector side as the standard) of a 
housing shown in Fig. 16; 

Figure 18 is a sectional view illustrating a first as- 
sembly step with a sleeve holder before the inser- 
tion of the lens sleeve (sleeve); 
Figure 19 is a sectional view illustrating a first as- 
sembly step with a sleeve holder when the lens 
sleeve is set in the receiving cylinder; 
Figure 20 is a sectional view illustrating a first as- 
sembly step with a sleeve holder when the lens 
sleeve is on the way to be inserted into the receiving 
cylinder by the sleeve holder; 
Figure 21 is a sectional view illustrating a first as- 
sembly step with a sleeve holder when the lens 
sleeve is provisionally inserted into the receiving 
cylinder; 

Figure 22 is a sectional view illustrating a second 
assembly step with a sleeve holder when the lens 
sleeve is completely inserted into the receiving cyl- 
inder after the optical element module is pressed; 
and 

Figure 23 is a sectional view illustrating a second 
assembly step with a sleeve holder after the shield- 
ing case (case) is mounted. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] In the following, the preferred embodiments of 
the present invention will be explained with reference to 
the attached drawings. 

[0042] Figure 1 is an exploded perspective view of a 
hybrid connector according to a preferred embodiment 
of the present invention. Figure 2 is a front view of the 
hybrid connector; Figure 3 is a plan view of the hybrid 
connector; Figure 4 is a left side view of the hybrid con- 
nector; and Figure 5 is a right side view of the housing. 
[0043] In the present specification, the hybrid connec- 
tor is defined as a connector, in which electric and optical 
connectors are integrally formed. 
[0044] In Fig. 1, the reference numeral 1 denotes a 
male hybrid connector to be mounted on a print-circuit 
board, which is not shown in the figure. The hybrid con- 
nector 1 comprises an electric connector 3 and an opet- 
ical connetor 4, both of which share a housing 2. As ex- 



plained later on, the hybrid connector according to the 
present invention is constructed so that the assembling 
operation thereof can be easily carried out and the op- 
tical element modules 8 and 9 can be stably positioned 
5 upon the assembly. 

[0045] The hybrid connector 1 is connected to a fe- 
male hybrid connector 5, in which two optical fiber ca- 
bles (optical fiber cords; not shown in the figure), on 
each end of which a corresponding ferrule is mounted, 
10 are mounted in parallel in a housing of the female hybrid 
connector 5. Out of the two optical fiber cables, one is 
for transmitting while the other is for receiving. On an 
end face of the ferrule, there is exposed a core portion 
((plastic) optical fiber consisting of a core and a clad), 
'5 an optical axis of which aligns with that of a respective 
optical waveguide 28 in a sleeve 7 explained later on, 
[0046] The electric connector 3 consists of the hous- 
ing 2 and electric terminals (PCB terminals) 6. The op- 
tical connector 4 consists of the housing 2, the sleeves 
20 7, optical element modules 8 and 9, and a shielding case 
10. The optical element modules 8 and 9 of the optical 
connector 4 may be called a receiving/emission module, 
receiving/ transmitting module or a fiber optic transceiv- 
er (FOT). The shielding case 1 0 corresponds to the case 
described in the claims. 

[0047] In the following, each element of the hybrid 
connector 1 will be explained with reference to Figs. 1 - 
5, thereafter the assembly (method of the assembly) of 
the hybrid connector 1 will be explained in detail. 
[0048] The housing 2 made of an insulative synthetic 
resin is formed in a rectangular box shape, in which a 
flont face 1 1 is opened. That is, the housing 2 is formed 
in a rectangular box shape with an upper wall 1 2, bottom 
wall 1 3, right sidewall 14, left sidewall 15 and an inside 
wall 1 6. The upper wall 1 2 is provided with a lock portion, 
with which a locking arm formed on the hybrid connector 
5 engaged. Each of the right sidewall 14 and the left 
sidewall 15 is provided with a corresponding pocket 17 
for receiving a fixing pin 18 made of metal therein and 
engaging with the same. Each pocket 17 is provided 
with a through hole, which is opened at the print-circuit 
board side, and a part of the fixing pin 18 is fixed to the 
print-circuit board through the through hole. 
[0049] The inside wall 1 6 of the housing 2 is provided 
integrally with a pair of receiving cylinders 19, which is 
formed in a cylindrical shape so that the inner cross sec- 
tion thereof is round. The receiving cylinder 19 has a 
length in accordance with the length of the sleeve 7. The 
receiving cylinder 19 protrudes toward an engaging 
space 20 for engaging with the hybrid connector 5 in the 
housing 2 and is formed to also protrude toward the rear 
of the inside wall 16. The ferrules are inserted from the 
engaging space 20 side. 

[0050] On an inner face of the receiving cylinder 1 9 at 
the middle thereof in the length direction, there are 
formed, for example, three first projections 21 (see Fig. 
6). The three first projections 21 are formed along the 
length direction of the receiving cylinder 19 with 120° 
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pitch. A diameter of a circular arc drawn by the end of 
the three first projections 21 is formed a little smaller 
than the diameter of the sleeve 7 and the sleeve 7 in- 
serted into the receiving cylinder 19 is press fit thereinto 
crushing the three first projections 21 . The inner diam- 
eter of the receiving cylinder 19 is set up so that each 
sleeve 7 can be smoothly inserted thereinto until the 
sleeve 7 comes into contact with the three first projec- 
tions 21. 

[0051] On the outside end of each receiving cylinder 
19 at the side from which the sleeve 7 is inserted, a cor- 
responding engaging part 22 protruding with having a 
ring-shape is integrally formed with the receiving cylin- 
der 19. On an end face of the outside end, there is 
formed a hollow portion 23 (see Fig. 6 or Fig. 15) de- 
pressed along the axis of the receiving cylinder 19. On 
the outside end of each receiving cylinder 19 at the side 
of the right sidewall 14 and the left sidewall 15, there is 
provided a step 24. In addition, at the bottom wall 13 
side thereof, a leg 25 is continuously formed. 
[0052] The protruding direction of the engaging part 

22 crosses at right angles with respect to the axis of the 
receiving cylinder 1 9 and the thickness of the engaging 
part 22 is formed to give an enough stiffness threreto so 
that it can resist against a force acting along the axis of 
the receiving cylinder 19. The shielding case 10 engag- 
es with the engaging parts 22. 

[0053] The diameter of the hollow 23 is larger than the 
inner diameter of the receiving cylinder 19. The hollow 

23 engages with a second projection 35 (explained later 
on) of the optical element module 8 and 9. Each step 24 
is formed along the axis of the receiving cylinder 1 9 and 
engages with a corresponding stopper 41 (explained lat- 
er on) of the shielding case 1 0. 

[0054] The leg 25 is formed in a letter H-shape in a 
cross sectional view thereof and the portion, which pro- 
trudes rearward exceeding the end face of the end of 
the receiving cylinder 19, is provided with a wall 26, 
which crosses at right angles with respect to the end 
face. The wall 26 serves as a stopper to prevent the op- 
tical element modules 8 and 9 from rotating and is 
formed to have a flat surface in the present preferred 
embodiment. 

[0055] Under the bottom wall 13 of the housing 2, 
there are integrally formed third projections 27 to be in- 
serted into the print-circuit board. 
[0056] Each electric terminal 6 is a known electrically 
conductive male terminal having a letter L-shape. Out 
of two parts of the L-shape, one part is situated in the 
engaging space 20 of the housing 2 through the inside 
wall 16, while the other part is to be fixed on the print- 
circuit board. Since the electric terminals 6 are mounted 
on two steps upper and lower (two terminals on each 
step) with respect to the housing 2, the electric terminals 
6 having two different kinds of length are needed. 
[0057] Each sleeve 7 consists of an optical waveguide 
28 consisting of a core and a clad and a cylindrical hold- 
er 29. Preferably, the optical waveguide has an equiva- 



lent refractive index to that of the core portion of the op- 
tical fiber cable. The sleeve 7 can be formed by using 
the optical fiber cable. (That is, the sleeve 7 is cut to 
have a predetermined length and an end surface of the 
5 sleeve 7 is, for example, polished.) 

[0058] The optical element module 8 consists of a plu- 
rality of lead frames 30, a molded part (not shown in the 
figure), and a case 31. A light-emitting element (not 
shown in the figure) is mounted on one lead frame 30 
io out of a plurality of the lead frames 30. The wire bonding 
method is applied. A plurality of the lead frames 30 are 
fixed on the print-circuit board by soldering. The light- 
emitting element is situated near to the optical element 
module 9, i.e. a little away from the center of the optical 
15 element module 8 (or the center of the molded part) so 
as to make the hybrid connector 1 compact. (The light- 
emitting element may be situated at said center.) The 
light-emitting element corresponds to an optical element 
described in claims and is, for example, a light-emitting 
diode (LED). 

[0059] The molded part is made of light-transmitting 
transparent resin such as epoxy resin, i.e. preferably a 
resin having an equal refractive index to that of the core 
portion of the optical fiber cable. The molded part buries 
the top half of a plurality of the lead frames 30 and pro- 
tects the light-emitting element and so on. 
[0060] The optical element module 9 consists of a plu- 
rality of lead frames 32, a molded part (not shown in the 
figure), and a case 33. A light-receiving element (not 
shown in the figure) is mounted on one lead frame 32 
out of a plurality of the lead frames 32. The wire bonding 
method is applied. A plurality of the lead frames 32 are 
fixed on the print-circuit board by soldering. The light- 
receiving element is situated near to the optical element 
module 8, i.e. a little away from the center of the optical 
element module 9 (or the center of the molded part) so 
as to make the hybrid connector 1 compact. (The light- 
receiving element may be situated at said center.) The 
light-receiving element corresponds to an optical ele- 
ment described in claims and is, for example, a photo- 
diode (PD). 

[0061] In the present preferred embodiment, since the 
light-emitting element and the light-receiving element 
are shifted so as to be adjacent to each other, the hybrid 
connector is formed compact. Moreover, since a part of 
the optical element module 8 is arranged so as to over- 
lap with the electric terminals 6 leaving a distance with 
respect to the electric terminals 6, the hybrid connector 
is formed even more compact. 
[0062] Each of the cases 31 and 33 is made of an 
electrically conductive synthetic resin (or electrically in- 
sulative synthetic resin) containing carbon fibers and the 
like, and consists of a case housing 34 and a cylindrical 
second projection 35 protruding from the case housing 
34. 

[0063] Each case housing 34 has a shape of box hav- 
ing the bottom, into which the molded part is inserted by 
a little pressing. An opening (for inserting the molded 
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part) of the case housing 34 is formed flat, which is put 
on the wall 26 upon the assembly. A wall situated at the 
opposite side of said opening is also formed flat. 
[0064] Each second projection 35 is formed in accord- 
ance with the position of the light-emitting element and 
the light-receiving element. Since the second projection 
35 is cylindrical, the second projection 35 can face the 
light-emitting element and the light- receiving element. 
The second projection 35 engages with the hollow por- 
tion 23 upon the assembly. 

[0065] The shielding case 10, formed by pressing an 
electrically conductive metal sheet, has a spring prop- 
erty useful upon the assembly and so on. The shielding 
case 1 0 has two receiving parts 37 partitioned by a wall 
36, in each of which a U-shaped notched portion 38, a 
fourth projection 39 (see Fig. 1 2) that presses the optical 
element module 8 or 9 onto the notched portion 38 side, 
and a leg 40 for fixing the case 10 on the print-circuit 
board are formed. 

[0066] The receiving part 37 receives the optical ele- 
ment module 8 or 9. When the optical element modules 

8 and 9 are received into the receiving parts 37 together 
with the engaging parts 22 upon the assembly, the op- 
tical element modules 8 and 9 are press-held with the 
aid of said spring property. 

[0067] When the shielding case 1 0 has a spring prop- 
erty so that each of the optical element modules 8 and 

9 can be pressed onto the end face of the corresponding 
receiving cylinders 19, the case 10 can be made of an 
electrically conductive synthetic resin containing carbon 
fibers and the like. The electrically conductive case 10 
improves the shielding property thereof for the optical 
element modules 8 and 9. 

[0068] Each notched portion 38 is formed in accord- 
ance with the outer diameter of the receiving cylinder 
19, at the periphery of which a projecting stopper 41 pro- 
truding inwardly is formed. When the case 10 is com- 
bined with the receiving cylinders 19, the projecting 
stopper 41 engages with the step 24 of the receiving 
cylinders 19. That is, the projecting stopper 41 prevents 
the case 10 from coming off. 

[0069] Each fourth projection 39 (see Fig. 12) is 
formed on the rear wall situated at the opposite side of 
the front wall, on which the corresponding notched por- 
tion 38 is formed. The fourth projection 39 is protrudingly 
formed, for example, in an ellipse shape by an emboss- 
ing press. Each leg 40 for fixing the case 10 on the print- 
circuit board is continuously formed to the sidewall of 
the receiving parts 37 and is fixed on the print-circuit 
board. The leg 40 functions as a ground terminal. 
[0070] In the following, an example of the assembly 
(method of the assembly) of the hybrid connector 1 will 
be explained in detail. The electric terminals 6 are re- 
ceived in the housing 2 in advance. In the following, the 
assembly (method of the assembly) of the optical con- 
nector 4 portion will be explained. 
[0071] After the electric connector 3 portion is assem- 
bled, the optical connector 4 portion is to be assembled 



in sequence through a first assembly step, a second as- 
sembly step, and a third assembly step. 
[0072] The second assembly step described above 
corresponds to a second further modified assembly step 

5 described in claims of the present specification. A sec- 
ond assembly step described in the claims excludes the 
contents of the wall 26 from the following explanation. 
A second modified assembly step described in the 
claims excludes the contents of the second projection 

io 35 and the hollow portion 23 from the following expla- 
nation. 

[0073] The first assembly step will be explained with 
reference to Figs. 6-8. Figure 6 is a sectional view illus- 
trating the first assembly step before the insertion of the 

is sleeve, Fig. 7 is a sectional view illustrating a provision- 
ally inserted state in the first assembly step being half- 
way through the insertion of the sleeve, and Fig. 8 is a 
rear view of the state shown in Fig. 7 
[0074] In Fig. 6, the sleeves 7 are moved in the direc- 

20 tion of arrow P with being held the sides thereof. The 
sleeves 7 move toward the end face of the receiving cyl- 
inder 19. Then, the sleeves 7 are inserted into the re- 
ceiving cylinder 19 from the end face of the receiving 
cylinder 19 in the direction of arrow P and then, as 

25 shown in Fig. 7, each end of the sleeves 7 comes in 
contact with the first projections 21 . At this time, each 
sleeve 7 is haffway inserted into the receiving cylinder 
19 (the provisionally inserted state). As shown in Fig. 8, 
when two sleeves 7 are provisionally inserted, the as- 

30 sembly advances to the second step. 

[0075] The second assembly step will be explained 
with reference to Figs. 9-11. Figure 9 is a sectional view 
illustrating a state, in which the optical element module 
is started to be pressed, in the second assembly step, 

35 Fig. 10 is a sectional view illustrating a completely in- 
serted state in the second assembly step after the opti- 
cal element module is pressed, and Fig. 1 1 is a rear view 
of the state shown in Fig. 10. 

[0076] In Fig. 9, each of the optical element modules 
40 , 8 and 9 is set on the corresponding end face of the 
sleeve 7, which is exposed from the receiving cylinder 
19. The end face of the sleeve 7 is received in the sec- 
ond projection 35 and in this state, when each of the 
optical element modules 8 and 9 is pressed in the direc- 
ts tion of arrow P, the sleeve 7 is further inserted crushing 
the three first projections 21, then a state (completely 
inserted state) shown in Fig. 10 is realized. The second 
projection 35 of each of the optical element modules 8 
and 9 is inserted in and engaged with the hollow portion 
so 23 of the receiving cylinder 19, thereby the light-emitting 
element and the light-receiving element are positioned 
so as to be aligned with the axis of the corresponding 
receiving cylinder 19 (the axis of the corresponding 
sleeve 7). The wall 26 prevents each of the optical ele- 
55 ment modules 8 and 9 from rotating (see Figs. 10 and 
1 1 ). For example, at this time, the fixing pins 1 8 are fixed 
to the print-circuit board. 

[0077] At this time, the insertion amount of the sleeves 
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7 is determined by the optica! element modules 8 and 
9. There is no clearance between each sleeve 7 and the 
corresponding optical element module 8 or 9, thereby 
the optical loss due to the clearance is minimized. Fur- 
thermore, since the second projection 35 of each of the 
optical element modules 8 and 9 is inserted in and en- 
gaged with the hollow portion 23 of the receiving cylinder 
19, each position of the light-emitting and light-receiving 
elements is aligned with the axis of the corresponding 
receiving cylinder 1 9, thereby the optical loss due to the 
discrepancy in the alignment between axes is reduced. 
(A position where the axes are aligned with each other 
is not limited to the position described above.) 
[0078] In the second assembly step, since each of the 
optical element modules 8 and 9 presses the corre- 
sponding end face of each sleeve 7, the end face is free 
from the fat of the human hand, thereby the deterioration 
in the transmitting efficiency due to the assembly is pre- 
vented from occurring. 

[0079] As shown in Figs. 14 and 1 5, if a second wall 
42 is provided at the opposite side of the wall 26, the 
walls 42 and 26 hold the optical element modules 8 and 
9 therebetween, thereby each of the optical element 
modules 8 and 9 is more securely prevented from rotat- 
ing. With the constitution described above, the assem- 
bly of the shielding case 10 is easily carried out in the 
following third assembly step. 

[0080] After the completely inserted state is realized 
as described above, the assembly advances to the third 
step. The third assembly step will be explained with ref- 
erence to Figs. 12 and 13. Figure 12 is a sectional view 
illustrating the third assembly step before the mounting 
of the shielding case and Fig. 13 is a sectional view il- 
lustrating a state, in which the assembly is completed. 
[0081] As shown in Fig. 12, the shielding case 10 is 
mounted from the direction of arrow Q. As shown in Fig. 
13, the shielding case 10 engages with the engaging 
parts 22 to hold the optical element modules 8 and 9 
therein. The shielding case 10 presses the optical ele- 
ment modules 8 and 9 against the end face of the re- 
spective receiving cylinders 19. Thus, each position of 
the optical element modules 8 and 9 is determined and 
fixed. 

[0082] Since the optical element modules 8 and 9 are 
prevented from rotating, the shielding case 10 is easily 
assembled. 

[0083] As explained above, the hybrid connector 1 is 
assembled through a process including the first, second 
(corresponding to a second further modified assembly 
step described in the claims: hereinafter the same) and 
third assembly steps. That is, the optical connector 4 
portion of the hybrid connector 1 is assembled through 
the first to third assembly steps described above. 
[0084] Summarizing the first to third assembly steps, 
in the first assembly step, each sleeve 7 is provisionally 
inserted halfway through a receiving cylinder 19 of a 
housing 2. In the second assembly step, optical element 
modules 8 and 9 are pressed so that the sleeve 7 is fur- 



ther inserted into the receiving cylinder 19 to reach the 
completely inserted state. Each projection 35 of the op- 
tical element modules 8 and 9 engages with a hollow 
portion 23 of the receiving cylinder 19. The position of 
5 the optical element is aligned with the axis of the receiv- 
ing cylinder 19. The optical element modules 8 and 9 
are placed on the first wall 26 of the housing 2 or held 
between a pair of the walls of the housing 2 (i.e. the first 
wall 26 and the second wall 42). 
w [0085] In the second assembly step, the assembly of 
the sleeves 7 and that of the optical element modules 8 
and 9 are simultaneously carried out, thereby the as- 
sembly operation is simplified. 
[0086] In the second assembly step, each projection 
'5 35 of the optical element modules 8 and 9 engages with 
a hollow portion 23 of the receiving cylinder 19, thereby 
no clearance arises and each position of the optical el- 
ement modules 8 and 9 is stable thereafter. The optical 
element modules 8 and 9 are placed on the first wall 26 
20 of the housing 2 or held between a pair of the walls of 
the housing 2 (i.e. the first wall 26 and the second wall 
42), thereby the positional shift of the optical element 
modules 8 and 9 due to the rotation thereof is prevented 
from occurring and each position of the optical element 
25 modules 8 and 9 is stable thereafter. Therefore, the 
workability improves and the optical loss is reduced. 
[0087] In the third assembly step, the shielding case 
1 0 holds the optical element modules 8 and 9. The case 
10 engages with the receiving cylinders 19, then each 
30 position of the optical element modules 8 and 9 is fixed. 
Since these assemblies are carried out simultaneously, 
the assembly operation is simplified. If a moving length 
of the sleeve 7 in the receiving cylinder 19 in the second 
assembly step is set shorter than that in the first assem- 
35 bly step, the labor required for press-insertion of the 
sleeve 7 is reduced. 

[0088] Since the hybrid connector 1 is constructed as 
described above, the position of the optical element can 
be aligned with the axis of the corresponding receiving 
*o cylinder 1 9 and the positional shift of the optical element 
modules 8 and 9 due to the rotation thereof is prevented 
from occurring, thereby each position of the optical ele- 
ment modules 8 and 9 is stable thereafter. Therefore, 
the workability improves and the optical loss is reduced. 
45 [0089] In the following, another preferred embodi- 
ment of the present invention will be explained. 
[0090] Figure 16 is an exploded perspective view of 
a hybrid connector according to the another preferred 
embodiment of the present invention and Fig. 17 is a 
50 sectional view of a housing. 

[0091] In Fig. 16, there is shown a male hybrid con- 
nector 51 to be mounted on a print-circuit board (not 
shown in the figure). The hybrid connector 51 includes 
electrical connectors 53 and optical connectors 54, 
55 which share a housing 52 with each other. The hybrid 
connector 51 is constructed so that the assembling op- 
eration thereof can be easily carried out as well as the 
hybrid connector 1 described above (see Fig. 1) and the 
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optical element modules 8 and 9 described above can 
be stably positioned upon the assembly. 
[0092] The hybrid connector 51 is connected to a fe- 
male hybrid connector similarly to the female hybrid con- 
nector 5 in Fig. 1 . To end face of each ferrule of the hy- 
brid connector 51 , a corresponding lens sleeve 56 ex- 
plained later on is optically combined. That is, both op- 
tical axes are aligned with each other. 
[0093] The electric connector 53 consists of the hous- 
ing 52 and electric terminals (PCB terminals) 6 de- 
scribed above. The optical connector 54 consists of the 
housing 52, the sleeve holder 55, lens sleeves 56 (cor- 
responding to the sleeves described in the claims), op- 
tical element modules 8 and 9, and a shielding case 57 
(corresponding to the case described in the claims). 
[0094] In the following, each element of the hybrid 
connector 51 will be explained with reference to Figs. 
16 and 17, thereafter the assembly (method of the as- 
sembly) of the hybrid connector 51 will be explained in 
detail. 

[0095] The housing 52 made of an insulative synthetic 
resin is formed in a rectangular box shape, in which a 
flontface 58 is opened. That is, the housing 52 is formed 
in a rectangular box shape with an upper wall 59, bottom 
wall 60, right sidewall 61 , left sidewall 62 and an inside 
wall 63. The upper wall 59 is provided with a lock portion, 
with which a locking arm formed on the hybrid connector 
51 (see Fig. 16) engaged. Each of the right sidewall 61 
and the left sidewall 62 is provided with a corresponding 
pocket 64 for receiving a fixing pin 65 made of metal 
therein and engaging with the same. Each pocket 64 is 
provided with a through hole, which is opened at the 
print-:circuit board side, and a part of the fixing pin 65 is 
fixed to the print-circuit board through the through hole. 
[0096] The inside wall 63 of the housing 52 is provided 
integrally with a pair of receiving cylinders 66, each of 
which has a notched portion 67. The receiving cylinder 
66 is formed in a cylindrical shape so that the inner cross 
section thereof is round when the sleeve holder 55 is 
inserted into the housing 52 (i.e., into the receiving cyl- 
inder 66 in this preferred embodiment) so as to close 
the notched portion 67. The receiving cylinder 66 has a 
length in accordance with the length of the lens sleeve 
56. The receiving cylinder 66 protrudes toward an en- 
gaging space 68 in the housing 52 for engaging with the 
l hybrid connector 51 (see Fig. 17) and is formed to also 
protrude toward the rear of the inside wall 63. Between 
the receiving cylinders 66, there is formed a slit (not 
shown in the figure) for guiding a perpendicular wall 80 
(explained later on) of the sleeve holder 55 by notching. 
In the receiving cylinder 66, each ferrule described 
above is inserted from the engaging space 68 side. 
[0097] On an inner face of each receiving cylinder 66, 
there are formed a stopper 69 (one of which being 
shown in the figure) against the corresponding lens 
sleeve 56 and a fifth projection 70 for aligning the optical 
axes. The stopper 69 is formed at the engaging space 
68 side so that a flange 88 (explained later on) of the 



lens sleeve 56 abuts against the stopper 69. The fifth 
projection 70 is formed at the rear side of the inside wall 
63 so as to hold an optical waveguide 86 (explained later 
on) of the lens sleeve 56. That is, the fifth projection 70 
5 is formed in a triangular shape in the cross section there- 
of so as to put the optical waveguide 86 thereon, thereby 
holding the optical waveguide 86. (The top of the fifth 
projection 70 can be crushed to align the optical axes.) 
[0098] On the outside end of each receiving cylinder 
10 66 at the side from which the lens sleeve 56 is inserted, 
a corresponding engaging part 71 is integrally formed 
with the receiving cylinder 66. On an end face of the out- 
side end, there is formed a hollow portion 72 depressed 
along the axis of the receiving cylinder 66. On the out- 
's side end of each receiving cylinder 66 at the side of the 
right sidewall 61 and the left sidewall 62, there is pro- 
vided a step 73 (only one of which being shown in the 
figure). In addition, at the bottom wall 60 side thereof, a 
leg 74 is continuously formed. 
20 [0099] A shielding case 57 engages with the engaging 
part 71 and the thickness of the engaging part 71 is 
formed to give an enough stiffness threreto so that it can 
resist against a force acting along the axis of the receiv- 
ing cylinder 66. The engaging part 71 may be formed 
25 with reference to the engaging part 22 (see Fig. 1 ) de- 
scribed above. 

[0100] The diameter of a hollow 72 is larger than the 
inner diameter of the receiving cylinder 66. The hollow 
72 engages with a second projection 35 of the optical 
30 element module 8 and 9. Each step 73 engages with a 
corresponding stopper 94 (explained later on) of the 
shielding case 57. 

[0101] A leg 74 including a guide portion 75 is formed - 
in a letter H-shape in a cross sectional view thereof. A 

35 horizontal wall 81 (explained later on) of the sleeve hold- 
er 55 can come into and out from the guide portion 75. 
The portion of the receiving cylinder 66, which protrudes 
rearward exceeding the end face of the end of the re- 
ceiving cylinder 66, is provided with a first wall 76, which 

40 is similar in terms of the function to the first wall 26 (see 
Fig, 15) described above. The first wall 76 serves as a 
stopper to prevent the optical element modules 8 or 9 
from rotating and is formed to have a flat surface. In this 
preferred embodiment, each second wall 77 facing the 

45 first wall 76 is provided with the engaging part 71 . (The 
first wall 76 and second wall 77 hold the optical element 
modules 8 or 9 therebetween so as to prevent the optical 
element modules 8 or 9 from rotating.) 
[0102] Under the bottom wall 60 of the housing 52, 

50 there are integrally formed projections 78 (only one of 
the projections 78 being shown) to be inserted into the 
print-circuit board. 

[01 03] The sleeve holder 55 is made of synthetic resin 
and formed so as to hold a pair of the lens sleeves 56 
55 together with a pair of the receiving cylinders 66 when 
the sleeve holder is inserted into the housing 52. That 
is, the sleeve holder 55 consists of a pair of holder por- 
tions 79 for holding the lens sleeves 56 by closing the 
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notched portion 67 of the receiving cylinder 66, the per- 
pendicular wall 80 formed between a pair of the holder 
portions 79, and a horizontal wall 81 continuously 
formed with an end of the perpendicular wall 80. 
[0104] Each holder portion 79 is provided with a cor- 
responding press part 82, which abuts against a corre- 
sponding flange 88 (explained later on) of the lens 
sleeve 56 at the front end of the holder portion 79. Each 
holder portion 79 is also provided with a corresponding 
sixth projection 83 (Only one of the projections 83 is 
shown and the projections 83 has the same function as 
the fifth projection 70.) for aligning the optical axes, 
which is matched with the projection 70 of the receiving 
cylinder 66 on an inner surface of the holder portion 79. 
Furthermore, each holder portion 79 is provided with a 
hollow portion 84 (see Fig. 20; only one of the hollow 
portions 84 being shown) continuing to the hollow por- 
tion 72 of the receiving cylinder 66 and a wall 85 (corre- 
sponding to the second wall described in the claims) 
having the function of the second wall 77 at the rear end 
of the holder portion 79. 

[0105] The perpendicular wall 80 is formed as a por- 
tion, which is guided by the slit of the receiving cylinder. 
The horizontal wall 81 is formed as a portion, which is 
guided by the guide portion 75. 
[01 06] The lens sleeve 56 is made of transparent syn- 
thetic regin or glass. Each lens sleeve 56 consists of a 
cone-shaped optical waveguide 86 having a tapered 
side thereof, a convex lens 87 formed at the end face of 
the optical waveguide 86 at the large diameter side 
thereof, and the flange 88 protrudingly formed toward 
the outside of the convex lens 87. As for the lens sleeve 
56, the convex lens 87 faces an end of the ferrule and 
the end face of the optical waveguide 86 at the small 
diameter side thereof faces the light-emitting element 
(not shown in the figure) or the light-receiving element 
(not shown in the figure) of the optical element module 
8 or 9. 

[01 07] On the side of the optical waveguide 86, there 
is formed an air layer, at the boundary of which the light 
transmitting through the optical waveguide 86 is totally 
reflected. The face of the flange 88 at the convex lens 
87 side abuts against the stopper 69 of the receiving 
cylinder 66. The press part 82 of the sleeve holder 55 
abuts against the face of the flange 88 at the optical 
waveguide 86 side thereof. In other wards, the lens 
sleeve 56 is pressed by the press part 82 and positioned 
by abutting against the stopper 69. 
[0108] The sleeve is not limited to the lens sleeve 56 
having the convex lens 87. The sleeve only has to have 
the flange 88 and may be a sleeve having no convex 
lens 87 or a sleeve, in which a pair of the optical 
waveguides 86 is straightly formed. 
[0109] The shielding case 57, formed by pressing an 
electrically conductive metal sheet, has a spring prop- 
erty useful upon the assembly and so on. The shielding 
case 57 has two receiving parts 90 partitioned by a wall 
89. 



[0110] The receiving part 90 receives the optical ele- 
ment module 8 or 9..When the optical element modules 

8 and 9 are received into the receiving parts 90 together 
with the engaging parts 71 upon the assembly, the op- 

5 tical element modules 8 and 9 are press-held with the 
aid of said spring property. Each receiving part 90 con- 
sists of a U-shaped notched portion 91 , a fourth projec- 
tion 92 (see Fig. 23; Only one of them is shown.) that 
presses the optical element module 8 or 9 onto the 
notched portion 91 side, and a leg 93 (Only three of four 
legs are shown.) for fixing the case 57 on the print-circuit 
board. 

[0111] When the shielding case 57 has a spring prop- 
erty so that each of the optical element modules 8 and 

9 can be pressed onto the end face of the corresponding 
receiving cylinders 66, the case 57 can be made of an 
electrically conductive synthetic resin containing carbon 
fibers and the like. The electrically conductive case 57 
improves the shielding property thereof for the optical 
element modules 8 and 9. 

[0112] Each notched portion 91 is formed in accord- 
ance with the outer diameter of the receiving cylinder 
66, atthe periphery of which a projecting stopper 94 pro- 
truding inwardly is formed. When the case 57 is com- 
bined with the receiving cylinders 66, the projecting 
stopper 94 engages with the lower part of the step 73 of 
the receiving cylinders 66 after being bent. That is, the 
projecting stopper 94 prevents the case 57 from coming 
off. 

[0113] Each fourth projection 92 (see Fig. 23; Only 
one of the two being shown) is formed on the rear wall 
situated at the opposite side of the front wall, on which 
the corresponding notched portion 91 is formed. The 
fourth projection 92 is protrudingly formed, for example, 
in an ellipse shape by an embossing press. Each leg 93 
for fixing the case 57 on the print-circuit board is contin- 
uously formed to the sidewall of the receiving parts 90 
and is fixed on the print-circuit board. The leg 93 func- 
tions as a ground terminal. 

[0114] In the following, an example of the assembly 
(method of the assembly) of the hybrid connector 51 will 
be explained in detail. The electric terminals 6 are re- 
ceived in the housing 52 in advance. In the following, 
the assembly (method of the assembly) of the optical 
connector 54 portion will be explained. As for a member 
consisting of a pair thereof, only one of a pair thereof is 
shown in the figure. 

[0115] After the electric connector 53 portion is as- 
sembled, the optical connector 54 portion is to be as- 
sembled in sequence through a first assembly step with 
a sleeve holder, a second assembly step with a sleeve 
holder, and a third assembly step with a sleeve holder. 
[01 1 6] The second assembly step with a sleeve hold- 
er described above corresponds to a second further 
modified assembly step with a sleeve holder described 
in claims of the present specification. A second assem- 
bly step with a sleeve holder described in the claims ex- 
cludes the contents of the first wail 76 (also the wall 85 
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and the second wall 77) from the following explanation. 
A second modified assembly step with a sleeve holder 
described in the claims excludes the contents of the sec- 
ond projection 35 and the hollow portions 72 and 84 from 
the following explanation. 

[0117] The first assembly step with a sleeve holder 
will be explained with reference to Figs. 18 - 21 . Figure 
18 is a sectional view illustrating a first assembly step 
with a sleeve holder before the insertion of the lens 
sleeve (sleeve). Figure 1 9 is a sectional view illustrating 
a first assembly step with a sleeve holder when the lens 
sleeve is set against the receiving cylinder. Figure 20 is 
a sectional view illustrating a first assembly step with a 
sleeve holder when the lens sleeve is on the way to be 
inserted into the receiving cylinder by the sleeve holder. 
Figure 21 is a sectional view illustrating a first assembly 
step with a sleeve holder when the lens sleeve is provi- 
sionally inserted into the receiving cylinder. 
[0118] In Fig. 18, the lens sleeves 56 are moved in 
the direction of arrow R with being held the sides thereof 
and set up at a position in the receiving cylinder 66 as 
shown in Fig. 19. (The flange 88 of the lens sleeve 56 
is situated between the stopper 69 and the fifth projec- 
tion 70 of the receiving cylinder 66.) 
[0119] Then, as shown in Fig. 20, the sleeve holder 
55 is moved in the direction of arrow S so as to start the 
insertion thereof into the housing 52. Thereby, the press 
part 82 of the sleeve holder 55 abuts against the flange 
88 of the lens sleeve 56 and the lens sleeve 56 moves 
(i.e. being press-inserted) in the direction of arrow S as 
the sleeve holder 55 moves. 

[0120] Thereafter, when the flange 88 of the lens 
sleeve 56 abuts against the stopper 69 of the receiving 
cylinder 66 so that the lens sleeve 56 and the sleeve 
holder 55 are prevented from moving (or when the lens 
sleeve 56 is inserted near to the stopper 69 by the sleeve 
holder 55), the first assembly step with a sleeve holder 
is completed. At this time, the lens sleeve 56 is in a pro- 
visionally inserted state thereof and the notched portion 
67 of the receiving cylinder 66 is closed by the sleeve 
holder 55. Then, the process advances to the second 
assembly step with a sleeve holder. 
[01 21] In the following, the second assembly step with 
a sleeve holder will be explained with reference to Fig. 
22. Figure 22 is a sectional view illustrating a second 
assembly step with a sleeve holder when the lens sleeve 
is completely inserted into the receiving cylinder after 
the optical element module is pressed. 
[0122] As shown in Fig. 22, the optical element mod- 
ules 8 and 9 are set up at the corresponding end face 
side of the lens sleeve 56, which is exposed from the 
receiving cylinder 66 and the sleeve holder 55. Then, 
the optical element modules 8 and 9 are moved in the 
direction of the arrow S so that the optical element mod- 
ules 8 and 9 are pressed onto the end of the sleeve hold- 
er 55 and/or the end face of the lens sleeve 56, thereby 
the lens sleeve 56 is in a completely inserted state into 
the receiving cylinder 66. 



[01 23] At this time, the end face of the lens sleeve 56 
is received in the second projection 35 of the optical el- 
ement module 8 or 9. In addition, the second projection 
35 of the optical element module 8 or 9 is inserted into 
5 and engaged with the hollow portion 72 of the receiving 
cylinder 66 and the hollow portion 84 of the sleeve hold- 
er 55. Thereby, each position of the light-emitting ele- 
ment and the light-receiving element of the optical ele- 
ment modules 8 and 9 is aligned with the axis of the 

w receiving cylinder 66 (i.e. the axis of the lens sleeve 56). 
Further, the optical element modules 8 and 9 are held 
among the first wall 76, the second wall 77 and the wall 
85 so as to be prevented from rotating. In addition, a 
pair of fixing pins 65 (see Fig. 1 6) is also mounted in the 

15 second assembly step with a sleeve holder. 

[01 24] The insertion amount of the lens sleeves 56 is 
determined by the optical element modules 8 and 9. The 
optical loss due to the clearance between the lens 
sleeve 56 and the optical element modules 8 and 9 is 

20 minimized. Furthermore, since the second projection 35 
of each of the optical element modules 8 and 9 is insert- 
ed in and engaged with the hollow portion 72 of the re- 
ceiving cylinder 66 and the hollow portion 84 of the 
sleeve holder 55, each position of the light-emitting and 

25 light-receiving elements is aligned with the axis of the 
corresponding receiving cylinder 66, thereby the optical 
loss due to the discrepancy in the alignment between 
axes is reduced. Since each of the optical element mod- 
ules 8 and 9 presses the corresponding end face of the 

30 lens sleeve 56, the end face of the lens sleeve 56 is free 
from the fat of the human hand, thereby the deterioration 
in the transmitting efficiency due to the assembly is pre- 
vented from occurring. 

[0125] When the lens sleeve 56 is in the completely 

35 inserted state, the process advances to the third assem- 
bly step with a sleeve holder. The third assembly step 
with a sleeve holder will be explained with reference to 
Fig. 23. Figure 23 is a sectional view illustrating a sec- 
ond assembly step with a sleeve holder after the shield- 

40 ing case is mounted. 

[0126] As shown in Fig. 23, the shielding case 57 is 
mounted from the direction of arrow T. At this time, the 
shielding case 57 engages with the engaging parts 71 
to hold the optical element modules 8 and 9 therein. The 

45 shielding case 57 presses the optical element modules 
8 and 9 against the end face of the respective receiving 
cylinders 66. Thus, each position of the optical element 
modules 8 and 9 is determined and fixed. 
[0127] Since the optical element modules 8 and 9 are 

so prevented from rotating, the shielding case 57 is easily 
assembled. 

[0128] As explained above, the hybrid connector 51 
is assembled through a process including the first as- 
sembly step with a sleeve holder, the second assembly 
55 step with a sleeve holder (corresponding to the second 
further modified assembly step with a sleeve holder de- 
scribed in the claims: hereinafter the same) and third 
assembly step with a sleeve holder. That is, the optical 
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connector 54 portion of the hybrid connector 51 is as- 
sembled through the first to third assembly steps with a 
sleeve holder described above. 
[0129] Summarizing the first to third assembly steps 
with a sleeve holder, in the first assembly step with a 
sleeve holder, each lens sleeve 56 is provisionally in- 
serted halfway through a receiving cylinder 66 of a hous- 
ing 52. 

[0130] In the second assembly step with a sleeve 
holder, optical element modules 8 and 9 are pressed so 
that the lens sleeve 56 is further inserted into the receiv- 
ing cylinder 66 to reach the completely inserted state. 
At this time, each projection 35 of the optical element 
modules 8 and 9 engages with the hollow portion 72 of 
the housing 52 side and/or the hollow portion 84 of the 
sleeve holder 55 side, thereby the position of the optical 
element is aligned with the axis of the receiving cylinder 
66. The optical element modules 8 and 9 are held be- 
tween a pair of the walls (the first wall 76, the sencond 
wall 77 and the wall 85) of the housing 52 and the sleeve 
holder 55. 

[0131] Each projection 35 of the optical element mod- 
ules 8 and 9 engages with the hollow portion 72 of the 
housing 52 side and/or the hollow portion 84 of the 
sleeve holder 55 side, thereby no clearance arises and 
each position of the optical element modules 8 and 9 is 
stable thereafter. The optical element modules 8 and 9 
are held between a pair of the walls (the first wall 76, 
the sencond wall 77 and the wall 85) of the housing 52 
and the sleeve holder 55, thereby the positional shift of 
the optical element modules 8 and 9 due to the rotation 
thereof is prevented from occurring and each position 
of the optical element modules 8 and 9 is stable there- 
after. Therefore, the workability improves and the optical 
loss is reduced. 

[0132] In the third assembly step with a sleeve holder, 
the shielding case 57 holds the optical element modules 
8 and 9. The case 57 engages with the receiving cylin- 
ders 66, then each position of the optical element mod- 
ules 8 and 9 is fixed. 

[0133] Since the hybrid connector 51 is constructed 
as described above, the postion of the optical element 
can be aligned with the axis of the receiving cylinder 66. 
The undesired positional shift of the optical element 
modules 8 and 9 due to the rotation thereof is prevented 
from occurring. Therefore, the position of the optical el- 
ement modules 8 and 9 is stabilized, the workability im- 
proves, and the optical loss is reduced. 
[0134] Further, besides the features described in the 
fourth, fifth and sixth aspects of the present invention, 
the process for assembling the hybrid connector 51 can 
also be characterized as follows: 

a process for assembling a male hybrid connector 
having electric and optical connectors formed inte- 
grally with each other, the optical connector includ- 
ing: at least one optical element module having an 
optical element: sleeves, each of which has an op- 



tical waveguide, provided in accordance with the 
number of the optical element modules; a housing 
shared with the electric connector, the housing hav- 
ing receiving cylinders for holding the sleeves there- 
5 in; a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving cyl- 
inders; and a case for holding the optical element 
modules, the process comprising the steps of: 

10 a first assembly step with a sleeve holder of set- 

ting the sleeves in the receiving cylinder, fitting 
the sleeve holder thereto and inserting each 
sleeve into the corresponding receiving cylin- 
der by the sleeve holder so that each sleeve is 

15 provisionally inserted into the corresponding 

receiving cylinder; 

a second assembly step with a sleeve holder of 
pressing each optical element module against 
an end face of the corresponding sleeve ex- 
20 posed from the receiving cylinder and/or an end 

of the sleeve holder so that each sleeve is com- 
pletely inserted into the corresponding receiv- 
ing cylinder; and 

a third assembly step with a sleeve holder of 
25 engaging the case with the receiving cylinder, 

while the case holding the optical element mod- 
ules, so as to fix a position of the optical ele- 
ment module. 

30 [0135] The aforementioned preferred embodiment is 
described to aid in understanding the present invention 
and variations may be made by one skilled in the art 
without departing from the spirit and scope of the 
present invention. 

35 [0136] The process for assembling (the first to third 
assembly steps) according to the present invention can 
be applied to the assembly of a normal optical connec- 
tor. The present invention can also be applied to a use 
for bidirectional communication employing single-core 

40 optical fibers. 



Claims 

45 1. A process for assembling a male hybrid connector 
having electric and optical connectors formed inte- 
grally with each other, the optical connector includ- 
ing: at least one optical element module having an 
optical element; sleeves, each of which has an op- 

50 tical waveguide, provided in accordance with the 
number of the optical element modules; a housing 
shared with the electric connector, the housing hav- 
ing receiving cylinders for holding the sleeves there- 
in; and a case for holding the optical element mod- 

55 ules, the process comprising the steps of: 

a first assembly step of reaching a provisionally 
inserted state, in which each sleeve is halfway 
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inserted into the corresponding receiving cylin- 
der; 

a second assembly step of reaching a com- 
pletely inserted state, in which each optical el- 
ement module is pressed against an end face 5 
of the corresponding sleeve exposed from the 
receiving cylinder so as to further insert the 
sleeve into the corresponding receiving cylin- 
der, and then engaging each second projection 
formed on the optical element module with a 10 
corresponding hollow portion formed in the re- 
ceiving cylinder so as to align a position of the 
optical element with an axis of the correspond- 
ing receiving cylinder; and 
a third assembly step of engaging the case with * 5 
the receiving cylinder, while the case holding 
the optical element modules, so as to fix a po- 
sition of the optical element module. 

2. A process for assembling a male hybrid connector 20 
having electric and optical connectors formed inte- 
grally with each other, the optical connector includ- 
ing: at least one optical element module having an 
optical element; sleeves, each of which has an op- 
tical waveguide, provided in accordance with the 25 
number of the optical element modules; a housing 
shared with the electric connector, the housing hav- 
ing receiving cylinders for holding the sleeves there- 
in; and a case for holding the optical element mod- 
ules, the process comprising the steps of: 30 

a first assembly step of reaching a provisionally 
inserted state, in which each sleeve is halfway 
inserted into the corresponding receiving cylin- 
der; 35 
a second modified assembly step of reaching 
a completely inserted state, in which each op- 
tical element module is pressed against an end 
face of the corresponding sleeve exposed from 
the receiving cylinder so as to further insert the *o 
sleeve into the corresponding receiving cylin- 
der, and then placing the optical element mod- 
ule on a first wall formed in the housing or hold- 
ing the optical element module between a pair 
of walls formed in the housing so as to prevent *s 
the optical element module from rotating; and 
a third assembly step of engaging the case with 
the receiving cylinder, while the case holding 
the optical element modules, so as to fix a po- 
sition of the optical element module. so 

3. A process for assembling a male hybrid connector 
having electric and optical connectors formed inte- 
grally with each other, the optical connector includ- 
ing: at least one optical element module having an 55 
optical element; sleeves, each of which has an op- 
tical waveguide, provided in accordance with the 
number of the optical element modules; a housing 



shared with the electric connector, the housing hav- 
ing receiving cylinders for holding the sleeves there- 
in; and a case for holding the optical element mod- 
ules, the process comprising the steps of: 

a first assembly step of reaching a provisionally 
inserted state, in which each sleeve is halfway 
inserted into the corresponding receiving cylin- 
der; 

a second further modified assembly step of 
reaching a completely inserted state, in which 
each optical element module is pressed against 
an end face of the corresponding sleeve ex- 
posed from the receiving cylinder so as to fur- 
ther insert the sleeve into the corresponding re- 
ceiving cylinder, then engaging each second 
projection formed on the optical element mod- 
ule with a corresponding hollow portion formed 
in the receiving cylinder so as to align a position 
of the optical element with an axis of the corre- 
sponding receiving cylinder, and then placing 
the optical element module on a first wall 
formed in the housing or holding the optical el- 
ement module between a pair of walls formed 
in the housing so as to prevent the optical ele- 
ment module from rotating; and 
a third assembly step of engaging the case with 
the receiving cylinder, while the case holding 
the optical element modules, so as to fix a po- 
sition of the optical element module. 

4. The process as claimed in any one of claims 1 - 3, 
wherein in the first assembly step the sleeve is in- *■ 
serted into the receiving cylinder until the sleeve 
comes into contact with first projections formed in 
the receiving cylinder for press-inserting the sleeve 
and in the second, second modified or second fur- 
ther modified assembly step the sleeve is press-in- 
serted into the receiving cylinder crushing the first 
projections. 

5. The process according to claim 4, wherein a moving 
length of the sleeve in the receiving cylinder in the 
second, second modified or second further modi- 
fied assembly step is shorter than that in the first 
assembly step. 

6. A process for assembling a male hybrid connector 
. having electric and optical connectors formed inte- 
grally with each other, the optical connector includ- 
ing: at least one optical element module having an 
optical element; sleeves, each of which has an op- 
tical waveguide, provided in accordance with the 
number of the optical element modules; a housing 
shared with the electric connector, the housing hav- 
ing receiving cylinders for holding the sleeves there- 
in; a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving cyl- 
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inders; and a case for holding the optical element 
modules, the process comprising the steps of: 

a first assembly step with a sleeve holder of set- 
ting the sleeves in the receiving cylinder, fitting s 
the sleeve holder thereto and inserting each 
sleeve into the corresponding receiving cylin- 
der by the sleeve holder so that each sleeve is 
provisionally inserted into the corresponding 
receiving cylinder; w 
a second assembly step with a sleeve holder of 
pressing each optical element module against 
an end face of the corresponding sleeve ex- 
posed from the receiving cylinder and/or an end 
of the sleeve holder so that each sleeve is com- is 
pletely inserted into the corresponding receiv- 
ing cylinder and then engaging each second 
projection formed on the optical element mod- 
ule with corresponding hollow portions formed 
in the receiving cylinder and/or on the sleeve 20 
holder so as to align a position of the optical 
element with an axis of the corresponding re- 
ceiving cylinder; and 

a third assembly step with a sleeve holder of 
engaging the case with the receiving cylinder, 25 
while the case holding the optical element mod- 
ules, so as to fix a position of the optical ele- 
ment module. 

A process for assembling a male hybrid connector 30 
having electric and optical connectors formed inte- 
grally with each other, the optical connector includ- 
ing: at least one optical element module having an 
optical element; sleeves, each of which has an op- 
tical waveguide, provided in accordance with the 35 
number of the optical element modules; a housing 
shared with the electric connector, the housing hav- 
ing receiving cylinders for holding the sleeves there- 
in; a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving cyl- *o 
inders; and a case for holding the optical element 
modules, the process comprising the steps of: 

a first assembly step with a sleeve holder of set- 
ting the sleeves in the receiving cylinder, fitting 45 
the sleeve holder thereto and inserting each 
sleeve into the corresponding receiving cylin- 
der by the sleeve holder so that each sleeve is 
provisionally inserted into the corresponding 
receiving cylinder; so 
a second modified assembly step with a sleeve 
holder of pressing each optical element module 
against an end face of the corresponding 
sleeve exposed from the receiving cylinder 
and/or an end of the sleeve holder so that each ss 
sleeve is completely inserted into the corre- 
sponding receiving cylinder and then placing 
the optical element module on a wall formed in 



the housing and/or the sleeve holder or holding 
the optical element module between a pair of 
walls formed in the housing and/or the sleeve 
holder so as to prevent the optical element 
module from rotating; and 
a third assembly step with a sleeve holder of 
engaging the case with the receiving cylinder, 
while the case holding the optical element mod- 
ules, so as to fix a position of the optical ele- 
ment module. 

8. A process for assembling a male hybrid connector 
having electric and optical connectors formed inte- 
grally with each other, the optical connector includ- 
ing: at least one optical element module having an 
optical element; sleeves, each of which has an op- 
tical waveguide, provided in accordance with the 
number of the optical element modules; a housing 
shared with the electric connector, the housing hav- 
ing receiving cylinders for holding the sleeves there- 
in; a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving cyl- 
inders; and a case for holding the optical element 
modules, the process comprising the steps of: 

a first assembly step with a sleeve holder of set- 
ting the sleeves in the receiving cylinder, fitting 
the sleeve holder thereto and inserting each 
sleeve into the corresponding receiving cylin- 
der by the sleeve holder so that each sleeve is 
provisionally inserted into the corresponding 
receiving cylinder; 

a second further modified assembly step with 
a sleeve holder of pressing each optical ele- 
ment module against an end face of the corre- 
sponding sleeve exposed from the receiving 
cylinder and/or an end of the sleeve holder so 
that each sleeve is completely inserted into the 
corresponding receiving cylinder, then engag- 
ing each second projection formed on the opti- 
cal element module with a corresponding hol- 
low portion formed in the housing and/or the 
sleeve holder so as to align a position of the 
optical element with an axis of the correspond- 
ing receiving cylinder, and then placing the op- 
tical element module on a wall formed in the 
housing and/or the sleeve holder or holding the 
optical element module between a pair of walls 
formed in the housing and/or the sleeve holder 
so as to prevent the optical element module 
from rotating; and 

a third assembly step with a sleeve holder of 
engaging the case with the receiving cylinder, 
while the case holding the optical element mod- 
ules, so as to fix a position of the optical ele- 
ment module. 

9. A male hybrid connector including electric and op- 
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tical connectors formed integrally with each other, 
the optical connector comprising: 

at least one optical element module having an 
optical element; 

sleeves, each of which has an optical 
waveguide, provided in accordance with the 
number of the optical element modules; 
a housing shared with the electric connector, 
the housing having receiving cylinders for hold- 
ing the sleeves therein; and 
a case for holding the optical element modules 
and positioning the optical element modules 
with respect to the housing, 

wherein a hollow portion depressed along an axis 
of the receiving cylinder is formed in the receiving 
cylinder at the side into which the sleeve is inserted 
and each optical element module is provided with a 
second projection for engaging with the hollow por- 
tion and aligning the position of the optical element 
with the axis. 

10. A male hybrid connector including electric and op- 
tical connectors formed integrally with each other, 
the optical connector comprising: 

at least one optical element module having an 
optical element; 

sleeves, each of which has an optical 
waveguide, provided in accordance with the 
number of the optical element modules; 
a housing shared with the electric connector, 
the housing having receiving cylinders for hold- 
ing the sleeves therein; and 
a case for holding the optical element modules 
and positioning the optical element modules 
with respect to the housing, 

wherein a first wall is formed in the housing at the 
side into which the sleeve is inserted so that the first 
wall places the optical element modules thereon 
and prevents the optical elemnet modules from ro- 
tating before the case covers the optical elemnet 
modules. 

11. A male hybrid connector including electric and op- 
tical connectors formed integrally with each other, 
the optical connector comprising: 

at least one optical element module having an 
optical element; 

sleeves, each of which has an optical 
waveguide, provided in accordance with the 
number of the optical element modules; 
a housing shared with the electric connector, 
the housing having receiving cylinders for hold- 
ing the sleeves therein; and 



a case for holding the optical element modules 
and positioning the optical element modules 
with respect to the housing, 

5 wherein a first wall is formed in the housing at the 
side into which the sleeve is inserted so that the first 
wall places the optical element modules thereon 
and prevents the optical elemnet modules from ro- 
tating before the case covers the optical elemnet 

10 modules, 

a hollow portion depressed along an axis of the re- 
ceiving cylinder is formed in the receiving cylinder 
at the side into which the sleeve is inserted, and 
each optical element module is provided with a sec- 

15 ond projection for engaging with the hollow portion 
and aligning the position of the optical element with 
the axis. 

1 2. The male hybrid connector according to claim 1 0 or 
20 11 ? wherein a second wall, which faces the first wall 
and holds the optical element modules between the 
first and second walls, is formed on the receiving 
cylinder. 

25 13. A male hybrid connector including electric and op- 
tical connectors formed integrally with each other, 
the optical connector comprising: 

at least one optical element module having an 
30 optical element; 

sleeves, each of which has an optical 
waveguide, provided in accordance with the 
number of the optical element modules; 
a housing shared with the electric connector, 
35 the housing having receiving cylinders for hold- 

ing the sleeves therein; 
a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving 
cylinders; and 

40 a case for holding the optical element modules 

and positioning the optical element modules 
with respect to the housing, 

wherein a hollow portion depressed along an axis 
45 of the receiving cylinder is formed in the receiving 
cylinder at the side into which the sleeve is inserted 
and/or on an end of the sleeve holder, and each op- 
tical element module is provided with a second pro- 
jection for engaging with the hollow portion and 
50 aligning the position of the optical element with the 
axis. 

14. A male hybrid connector including electric and op- 
tical connectors formed integrally with each other, 
55 the optical connector comprising: 

at least one optical element module having an 
optical element; 
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sleeves, each of which has an optical 

waveguide, provided in accordance with the 

number of the optical element modules; 

a housing shared with the electric connector, 

the housing having receiving cylinders for hold- 5 

ing the sleeves therein; 

a sleeve holder to be inserted in the housing for 

holding the sleeves together with the receiving 

cylinders; and 

a case for holding the optical element modules 10 
and positioning the optical element modules 
with respect to the housing, 

wherein a first wall is formed in the housing at the 
side into which the sleeve is inserted and/or on an *5 
end of the sleeve holder so that the first wall places 
the optical element modules thereon and prevents 
the optical elemnet modules from rotating before 
the case covers the optical elemnet modules. 

20 

15. A male hybrid connector including electric and op- 
tical connectors formed integrally with each other, 
the optical connector comprising: 

at least one optical element module having an 25 
optical element; 

sleeves, each of which has an optical 
waveguide, provided in accordance with the 
number of the optical element modules; 
a housing shared with the electric connector, 30 
the housing having receiving cylinders for hold- 
ing the sleeves therein; 
a sleeve holder to be inserted in the housing for 
holding the sleeves together with the receiving 
cylinders; and 35 
a case for holding the optical element modules 
and positioning the optical element modules 
with respect to the housing, 

wherein a first wall is formed in the housing at the *o 
side into which the sleeve is inserted and/or on an 
end of the sleeve holder so that the first wall places 
the optical element modules thereon and prevents 
the optical elemnet modules from rotating before 
the case covers the optical elemnet modules, 
a hollow portion depressed along an axis of the re- 
ceiving cylinder is formed in the receiving cylinder 
at the side into which the sleeve is inserted, and 
each optical eiement module is provided with a sec- 
ond projection for engaging with the hollow portion so 
and aligning the position of the optical element with 
the axis. 

1 6. The male hybrid connector according to claim 1 4 or 

1 5, wherein a second wall, which faces the first wall 55 
and holds the optical element modules between the 
first and second walls, is formed on the receiving 
cylinder and/or the sleeve holder. 
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